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I n March  of  1 9oD  , Tha  f l i c co.i  a i or  C i t i zens  A=. soc  i at  i on 

requested  tunda  from  the  C'ect  c*  Ererov-  Sitis.I  i Grant=  Program  to 
hire  Energy  Gp  t i ons  . Inc.  to  '•■r  : e a c cn  aervat  i on/so  1 ar  re  trot  i t 
t e a •=  I b i 1 i t ■=  t u o y c o n c err  i ri  o p a a i p.  1 e e n e r-  g >'  s a m i n g =.  at  their 
c e ri  t e r . The. t a t u d y t'-,i a. a funded  a r, 'C  t i e r e c C'mm e n d a t i on s i\i ere  rri a d e 
b >■  E n e r g 0 p t i o n e . Inc. 

1 . I n a u 1 a,  t e the  P'  r e a e ri  t 1 • u ri  i ri  a u 1 a t e d S 0 0 0 s q . ft.  attic 
ap'ace  to  an  P~J'd: 

2 . Add  clear-  m >'  1 a r r o 1 1 - q c-' ■ ' r,  a ti  a d e a i.'.i  i t h a-  i d e - 1 r a c k a- e a 1 s to 
act  as  a u mrri e r-  / I'.i  inter  a r C' r m a ; 

E: . I n a t a 1 1 a ri  C'  u t d ci  o r 1 c c p,  - c.  u t a q u a a t a.  t t h a t I'.i  C'  u 1 d a hut  d oi-J  n 
the  1 ri  e 1 1 i c i e n t a t e arri  boiler  I'.i  hi  e ri  t ti  e o u t a i d e ambient  terriperaturea- 
e : : c e e d e d 5 b t C'  65  d e g r-  e e a : 

4 . Retrofit  i 5 0 Ci  a q . ft.  of  t ti  e 0 u i 1 d i ri g ■'  a-  south  w all  to 


I n c o r pi  o r-  a t e a n u n y e n t e d T r om  t'  e i vi  all:  a.  ri  d 

5 . Install  h :•  d r o ri  i c f 1 a.  t elate  c o 1 1 e c t C' r a to  help  w i t h the 
40  0 to  60  0 gallons  of  hot  water  neeaed  e'jery  day  for  an  in-house 
food  a e r \>  ice  pi  r C‘  g r a ti  . 
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T hi  e H a a. o c i a t i o n , ii.i  i t h the  a a a i a t a n c e of  Energy  Options,  Inc., 
then  requested  funding  f r orri  the  F'1  ci  n t a n e e pi  t . o f f'l  a t u r a 1 Resource  s 
a.  n d C o n a e r a t i ci  n for  t hi  e s o 1 a r d C'rri  e a t i c hot  i\i  a t e r s >'  a t e m and  the 

u ri  - ij  e ri  t e d T r omi  b e I'J  all  < b C' t h i t h,  a om  e rri  C' d i f i c a t i o n a from  the  D C'  E 

proposal).  The  Association  e.iaa  notified  in  the  Spring  of  1 9S2  that 
f u ri  d i ri  g h a d ti  e e ri  a p p r-  o 'v  e d and  t hi  e '2  r a n t h g r e e rri  e n t u'  a s signed  in 
p r I 1 1932. 

In  the  Fall  of  1 ’'32 , the  f i r,  a 1 designs  for  the  solar  dorriestic 
I 'I  a t e r hi  e a t i n g s >'  a t e rri  e r e prep  a red  a ri  d the  a >'  s t e rii  y)  a a 
furnished  and  installed  b'-'  Sun  Craft  of  Bozeman,  Mt  at  an 
installed  price  of  ? 1 3 , 340 .37  E ' h i b i t A ) . Initial  problems  w i t h 
t hi  e collector  a e ri  a c r a 'i  a e e C'  i a c u a a i ci  n section)  created  a-  orri  e 
difficulties  pi u t pi ■>'  J a n u a r >'  ci f 1 3 3 t hi  e s >•' a-  tern  w as  on-line  and 
pi  e r f o r m 1 n g pi e t t e r t h a ri  hi  a, d P' e e ri  e pi  e c t e d . As  uj a r rri e r '.v' e a t h e r 

a r r i '.J  e d . t hi  e a r a t e rri  i\i  a.  a r e a c hi  i n g its  h i g h - t e rri  p e r a t u r e limit  and 

shutting  down  earl ler  and  earlier  in  the  day.  In  order  to  take 
a d an  t a g e o f t hi  e e c e a a c a. p a c i t C' f the  s >' a t e m , Energy  Options, 
Inc,  r e c omiTie n de d to  the  Assoc  i a t i on  that  f an -c on u e c t or  units  be 
installed  in  the  pi  a,  a e rri  e n t a,  ri  d ci  ri  e office  area  upstairs  to  assist 
in  heating  those  areas.  m11  i n ■ i o 1 e d in  the  project  agreed  and 
four  (4 ) F-1  >■■  a o ri  f a.  n - c o i 1 c :■  :-i e c t ci  r a i-'j  e r e installed  in  March  and 

A pi  r i 1 of  19'  9: 3 b >'  E n e r g v G p t i C'  n a . Inc.  at  a total  installed  cost  of 
■$2,715.0  0 ( E h i b i t B 1'  . 

Due  to  problerris  of  timing,  me  a then,  financing,  and  shipping, 
the  Tromibe  wall  retrofit  riaa  not  finished  until  August  1934. 


( ''  > 


Construction  was  ■sub-contracted  to  Energy  Options,  Inc.  o-f 
M I ssou  1 a + or  a.  total  installed  cost  o+  1 d . 650  ( Ex h i b i t C ) . The 
c o n s t r u c t i o n o + t h e I'.i a 1 1 i.ai a s s- 1 r-  a i g h t tor i.'i a r' d and  no  d i -f  + i c u 1 t i e s- 
were  encountered.  Modification  of  the  sun --screen  suspension  system 
to  a roller  me  chan  i sm  ( thus  al  1 ow  i ng  one -per  son  i nsta.  1 1 at  i on  and 
removal  > was  performed  by  Enero>'  Options,  Inc.  at  an  a.ddi  tional 
cost  of  •$■294. 6’3  t E x n i b i t 0,'.  m1  though  this  did  not  cover  the 
actual  CO s t s of  the  roller  m e c h a n i s mi , this  w a s the  ami o u n t 
r e mi  a i n 1 n g in  t hi  e g r ant  f u n d s a ri  d E ri  e r g >•  i J p t i o n -s  . Inc.  agreed  to 
a b s orb  the  e x t T'  a e x p e ri  s e . 


PROJECT 

DESCRIPTION 
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a.r  D'omiestic  Water 
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r;  q 3 y s t e mi 
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sol  ar  d-omie  s t i c 

I'  .i  a.  ter 

h e a t 1 n g s 'y  s- 1 e mi  ''  F i 

g . 1 ) c C' n s i s t s-  of 

t I’j  e 1 '-..I  e ( 

1 2 ) S u ri  mi  a.  s t e r T R S 

-81  E'. 

■'  a c u a t e d Tube  Solar 

Collectors  for  a 

total  of  2'32  sq.  ft.  of  aperture.  These  collectors  are  miounted  at 
60  degrees  on  t hi e'  flat  roof  C' f the  Center  and  are  facing  due 

south.  C o 1 1 e c t o r s u o p 1 P 1 'J  ti  b i n g i s Oh/  4 " T •>'  p e M copper  and  return 

p 1 u mi b i n g i s 1 1 4 " T p e M c o p per-  . B o t h s u p ply  and  re  t u r- n p 1 u mi b i n g 

are  insulated  i.m  i t h F'  - 7 .jacketed  pipe  insulation.  Hot  water  storage 
is  contained  within  ti'jo  '.2'.'  120  gallon  'Ool  ar  Plus  tanks  (Bock 
Corporation  Model  IBOO'SUJ)  i.'.uth  internal  heat  exchangers  and  one 
(11'  120  gallon  u n p r e s s u r i z e d Solar  Plus  drain-b-ack  and  surge  tank 

'•IBock  Corp.  Model  120 Si'.  The  svstemi  is  controlled  by  a Sunmiaster 
['  i f f e r e n t i a 1 C o n t r C‘  1 'i  mi  o d i f i e d IE  C - 5 0 C o n t r o 1 i)  km  t h collector 

o '<■’  e r-  - 1 e mi  p e r a t u r-  e protect  i o n a.  ri  d storage  high  1 i mi  i t protection.  The 

solar  collection  fluid  consists  of  I'j a t e r a ri d is  circulated  through 
the  s'y-stem  by  two  (2i'  Grundfos  stainless  steel  pumips  (Model 

U P 2 5 - ’t'  4 F ) r u ri  n i n g in  series. 

E X c e s s h eat  f r- omi  the  s C'  1 a r s >' s t e mi  i s-  distributed  to  the 
basemient  and  one  office  on  the  miain  floor  through  four  <A'i  Myson 
M C' d e 1 14  f a n - c o i 1 c C'  n actors  rated  at  1 0,  0 0 0 to  1 4, 0 0 0 BT  U ''  s per 

h o u r-  ( d e p e ri  d i ri  g o n u-.i  a,  t e r inlet  t e mi  p e r a t u r e s ) . 

0 p e r-  a t i o n o f S > s t e mi 

When  t emip  e r a t u r e s i-m  thin  the  col  lector  arra'x  are  sensed  to  be 
higher  t h a n in  the  s t o rage  a r e a.  b y t hi  e 3 u ri  mi  a s t e r D i f f e r e ri  t i a 1 

Control  , the  c 'O  n t r o 1 a c t i a t e s ci  t h G r u n d f o s p u mi  p s . U1  a t e r-  is- 

pumped  fr  omi  t hi  e surge  t a ri  k , t hi  r c-  u g h the  internal  heat  exchangers 
I'j  I t Ti  i n the  storage  tanks,  and  u c to  the  collectors.  hen  the 
collectors  are  filled,  t hi  e i 'J  a t e r o e r f 1 oia' s into  the  return  line 
and  falls  back  into  the  surge  tank.  Fromi  here  it  again  is  pumiped 
through  the  internal  hea. t exchangers,  gi'uiriQ  up  its-  collected  heat 
to  the  storage  tanks  and  thence  to  the  col  lectors  to  be  he -a  ted 
again.  The  control  s'--stemi  continually  monitors  the  storage  tank 
t e mi  p e r a t u r-  e and,  if  t hi  i s t e mi  p'  e r a t u r-  e exceeds  a preset  limit,  the 

control  will  shut  the  pumips  off.  The  control  s-'.-xstem  also  mionitors 

the  collector  temiperatur?  and  will  pre'-jent  the  pumips  fromi  being 
ac  t I a t e d should  the  collect  or  s exceed  -a  preset  t emip  e r a t u r e . Th  i s 
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SOLAR  D::'.;  SYSTEM 


0 shut-off  valvt=> 

QO  — pump 

^ int^rn''^!  h^at  '='•^0^ r 
s s n s o r 
c - control 

cilroct^on  of  flow 


(U) 


.=(,  c t i o n is  t o p r-  e e n t t e collector  s t r om  tilling  w i t h cold  uj  t e r 
during  a.  period  when  thermal  shock  cc'Uld  da.rriage  the  evacuated 
tube  ■=• . 

Del  i uery  ot  heat  to  the  baserrient  and  office  area  is- 
control  led  b >-  a.  n " a n d " t >'  p e of  logic.  That  is,  if  s n y of  the  four 
fan  cc'nuectors  are  calling  for  heat  and  the  storage  wiater 
t e iTi  p e r-  a t u r e is  a b o e a p r e - = e 1 e c t e d t e rri  p e r a t u r e , a stainless  steel 
G r u n d f o s p u rr;  p i s t u r ri  e d C'  n i.-'j  h i c h p u rri  p s-  h C' t t'-.t  ater  to  the 
c o n 'v'  e c t o r s . I'J  hen  the  p u mi  p e d ' '.i  ater-  in  the  c o n u e c t C'  r s e :>c  c e e d s 11  0 
degrees,  an  i n t e r-  ri  a 1 fan  is  act'  a t e d I'j  h i c h rri  o e s-  heated  air-  i n t o 
the  c o n d I t i o n e d space. 

D i ecus  s.  i o n 

The  s >■■  -s  t e !Ti  has  b e e ri  o C'  e r a,  t i n g n oi.'.i  for  a b C'  u t 1 ear.  Three 

problemis  ha.'v'e  occu''red  "uth  the  systerri.  all  of  wihich  have  been 

■s  o 1 '■>  e d although  the  s C'  1 u t i C'  n t C'  the  sec  o n d p r o b 1 e mi  is  not  e n t i r-  e 1 y 

sa  t i s f ac  t or --.r' . The  first  problemi  was  a series  of  failures  in  the 

collector  sensor  which  caused  the  systemi  to  shut  doiMn  . This  sensor 
i.'j a.  s replaced  s e e r-  a i t i mi e s but  the  cause  of  the  failure  was  never 
determiined.  After  groundirg  the  collector  systemi,  this  problem 


n e kJ  e r-  r-  e 

c u r-  r e d . . 

! - ! ri  e t ri  e r 

o r-  n 0 t 1 

induced  elect r-ical 

currents 
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o V e r hi  e a d 
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power-l 1 
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t hi  e col' 
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The 
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I'l  as  re' 

1 ated  to  the  contr- 

o 1 logic 

of  the 

s >'  s t e mi  and  the  s >'  s t e mi  s b^  a s i c design.  W ti  e n the  controller  senses 

t ti  e collect  o r s t C'  bi  e c o C'  1 e r than  the  s t o rage  tank  it  shuts  the 

pumips  off.  However,  due  to  the  design  of  the  systemi,  draining  of 
the  e a c u a t e d t u b'  e s ' ■ ' a s si  C'Im  enough  such  that,  during  s u n 1 i g h t 
hours,  the  fluid  in  tne  tubes  v'ould  boil  before  the  tubes  were 
C'Omip  1 e te  1 y dr  a i ned  . Th  i s i-.ias  pr  i miar  i 1 y a probl  emi  in  the  surrimier 

when  both  amibient  t emip  e r a,  t u r e s and  sol-ar  radiation  were  high. 

Because  the  st'orage  high  1 i mi  i t sensor  could  not  be  set  to  a lower 
t e mi p e r a.  t u r e . a t i mi e r i - i a.  s installed  on  the  s y s t e mi  i-j h i c h 1 i mi  i t s the 
t I mi e during  h i c h t ti e s - s t e mi  r u ns  each  da y . By  limiting  r- u n - 1 i mi e 

of  the  s >' s t e mi , storage  tank  t e mi p'  e r a.  t u r e s are  held  b e 1 ouo  that 

temiperature  abc'e  i.-'hich  boil  ing  of  the  collector  fluid  would  occur 
during  dr-  a i n - b a c k.  o 1 1":  e s s t e mi . A 1 t h o u g ti  this  s '0 1 u t i o n has  solved 
the  problemi.  it  has  also  reduced  the  total  a.miount  of  heat  being 
collected  by  the  s c- ' a r s • a t e m . It  appears  the  i d e a.  1 solution  wi  o u 1 d 
be  to  miodify  the  design  of  the  col  lectors  to  al  1 owi  miuch  miore  rapid 
dr  a I ri  i n Q of  the  tubes.  It  i c anticipated  this  I'j  ill  be  attempted 

pr  I or  t 'P  n e t sumim'e'"  1 ‘ E b ' . 

T hi  e t h I r d p r cC'  i e '-'it  t h e s ■>-■  s t e mi  v.i a. s not  caused  by  an y 
s ■>'  s t e mi  c omi  o o n e ri  t s c r ; r;  s * a.  1 1 a,  t i o n but  rathe  r-  b'  -y  a change  in  use  of 
t ti  e building.  l-J  h e ri  t ti  e s s t a mi  wi  a s o r i q i n a 1 1 y conceived  and 
d e s i g ri  e d there  a 'S  a 1 C''.-.'  - i n -s-mi  e food  p r e p a ration  s e r-  v i c e in  the 
building.  This  ser'jice  required  a large  amiount  of  hot  water  for 
f o Cl  d C'  r e p a r a t i o n , d i s h -I'j  a s h i ri  g . and  clean-up.  This-  s e r v i c e w a s 
subsequently  mi cw e d C' u t to  a ri o t h e r-  location  and  hot  i^j a t e r 
r- e q u i r e mi e n t s fell  c C' n s i d e r a b'  1 • . As  a.  result,  the  solar  s- >' s t e m was 
p r-  o d u c i ri  g fa.  r-  mi  o r e hi  C' t i.-j  ater  t hi  a.  ri  uj  as-  needed  a ri  d I'j  as,  therefore. 
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not  being  used  envuihere  near  i te  capaci  t>  . In  order  to  rriake  use  o + 
this  additional  capacity,  tour  tan  c C'  n ' e c t o r u ri  i t = e r e installed 
in  t hi  e b ij  i 1 d i n g to  provide  a d d i t i o ri  a 1 space  ti  e a.  t i n q . These  w ere 
i\'  i r-  e d to  an  a.  q u a s t a.  t in  the  s t o r a.  q e t a.  ri  k s such  that  the  c o n e c t o r s 
c C'  u Id  be  a.  c t i v a t e d t'  > a call  t C'  r heat  a n > t i rri  e the  s t o rage  tank  s 
ere  a.  b o k>  e a.  pre-set  t e rri  p e r a t u r e . At  the  present  t i iti  e , this 

pre-set  t errip  e r a t u r e is  120  degrees.  Although  the  tan  conuectors- 

can  extract  heat  t r on  I'later  t eirio  e r a t u r e s lower  than  this,  this 

temperature  i.'ias  chosen  because  it  is  still  hot  enough  tor  dorriestic 
purposes.  At  t hi  e p r e a e r,  t t i iti  e . t hi  i s solution  a p p e a r-  s to  t'  e I'j  o r k i n g 
I ell. 

f'1  C'  ri  i t o r-  I ri  g equipment  i' ' a s i ri  s t a 1 1 e d o n t hi  e s / s- 1 e rri  b >•■  E n e r g y 

Options  s >0  o ri  a t t e r its  i ri  s t a 1 1 a t i o ri  . Due  to  t a u 1 t y e q u i p rri  e n t , ho 

usetul  i n t or  rri  a t 1 on  I'.ias  obtained  during  the  first  months  of  the 
s > s t e m:  ■ s o p e r-  a t i C'  ri  , In  t hi  e '2  u rriiTi  e r C' t ^35,  t hi  e t-'l  o n t a n a e p t . o t 
f 1 a t u r a 1 R e s C' u r c e s a ri  d C o ri  s e r " a t i C' n a.i ■■i a r d e d a g r ant  t o S u n C r a t t of 
Boderrian  to'  monitor  the  s-sterri.  That  monitoring  program  occurred 
during  t hi  e 3;  u mini  e r C' t " 3 4 and  t hi  e r e s u 1 t s-  h a k>  e not  >'  a t been 
r e 1 eased. 

Trorribe  hlal  1 

The  T r orri be  x ' a 1 ■ (Fig.  2 2 E ■'  h i b i t E'}  i s c o n =■  t r u c t e d directly 

on  the  south-tacino  solid  brich  I'jall  of  the  Center  and  consists  ot 

t hi  r e e ( 3 ) s e p a.  r-  a t e s a ri  e 1 areas  . each  o t x.i  n i c h is  c omi  posed  o t 4 

t oo  t i’.i  i de  b V C' . 2 f oo  t high  modules.  Ou  e r a 1 1 panel  height  is  13 

feet  and  t o t a,  1 i' j i d t h is  o 3'  t e e t i ri  c h e s tor  a total  area  of  833 
square  feet. 

The  modules  luer  e initially  tr  arried  i n u.i  i th  2"  by  4"  cedar 
luiTiber  to  allow  later  installation  ot  43."  wide  by  73"  high  glazing 
panels.  The  cedar  framing  was  tastened  to  the  brick  x.iall  wiith  3" 

1 ag  bol  ts  and  shields  ' 3 on  center)  comibined  wi  th  a 
t e rri  p e r-  a t u r-  e - r e = i s t a n t c C'  ri  s t r-  u c t i ic  n glue.  After  the  i ri  i t i a 1 
t r a.iTi  1 n g . the  brick  i '..i  a.  1 1 i ri  s i d e t hi  e t r am  i n g iw  as  c o 'v'  e r e d uj  i t h mi e t a 1 
1 a t h a ri  d p'  1 a s t e r to  e t h i c k ri  e s s o t 3 ' 4 " . The  p'  1 a s t e r x.i  a s t h e n 
c O','  e r e d xi  i t h a s e 1 e c t i " e surface  toil  w i t h self  -adh  e s i v e backing 
t r e.  d e n ami  e B'  u n s p o ri  g e ' . F i n a 1 1,-  . 1 C'Xj  - i r C'  n . I'.i  h i t e -xj  a t e r , n C'  n - g 1 a r e 

temipered  gl  ass  I'jas  miounted  on  the  exterior  surface  of  the  cedar 
f r a mi  I ri  g , Idea  ['  e e : o p*  mi  e n *:  t'  r o ri  z e a ri  o d i z e d a 1 u mi  i n u m xj  i t h E P Did 

g a s k e t s i,'.'  as  used  ~ or  t e g 1 a z i ri  g mi  o u n t i n q b a 1 1 e n s . 

I'  I hien  the  use  C'r  a selectwe  surface  foil  xj  as  first  pi  r o p o s e d 
t hi  e r e i a s concern  t r e ♦ c ■ 'j  i d be  difficult  to  i ri  stall  a n d xj  o u 1 d 

ri  o t a d e q u a t e 1 ■'  adhere  t C'  the  stucco  s u r-  f a c e . A c t u a.  1 e x.  P'  e r i e n c e 
shox.ied  that  the  t c i i '-'as  r e 1 a t i e 1 y eas/  to  install  . The  only 

p r'  o b 1 e mi  e >■:  p'  e r i e n c e d ' ■ ' a s t hi  a t . e " e ri  t h C'  u g n the  foil  x.i  a s a t' s C'  1 u t e 1 >' 

flat  during  a.  n d i rim,  e d i a t e 1 •'  after  installation,  there  xj  a s a 
t e n d e n c >'  f C'  r-  it  t c^  ' b u t'  b 1 e ' C'  r ' x.i  a 'x  e ^ xj  i t h i n a f e xj  mi  i n u t e s-  after 
installation.  Uh  e n it  '"as  again  rolled  it  would  flatten  ou  t . bu  t , 
because  the  foil  had  ob'xiousl>  e.-:p  ended,  this  second  roll  i ng  would 
create  s mi  a.  1 1 x.i  r-  i ri  k.:  1 e s in  t h.  e surface.  This  does  not  appear  to 
decrease  t hi  e e f f e c t i e n e s s of  t hi  e foil  and  is-  hardly  noticeable 
behind  the  g 1 a. z i ri  g . h d hi  e s i o n of  the  foil  xj a s also  not  a problem. 
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In  tact,  i + the  -foil  inadvertently  touched  the  stucco  finish  it 
cou  Id  not  be  rerrioved  . The  on  1 y sol  u t i on  I'jas  to  cut  it  loose! 
Wh  ether  this-  excellent  adhesion  w ill  continue  ov  e r t i rrie  i s 
u n k n ou.i  n , but  after  3 m C'  n t h s there  is  no  e i d e n c e of  d e - 1 am  i n a t i o n . 

I ri  o r-  d e r to  p r e v e n t pi  o s s.  i b 1 e ci ' e r - hi  e a t i n q of  the  u.i  all  and  the 
b u i 1 d i n Q during  the  s u mrri e r rri Ci ri  t h s , a solar  screen  (U I MC 0 
Eel  ipse  S o 1 a r '3  c r-  e e n i n g ) i.'  i a s rri  o u n t e d o ri  a roller  s.  s- 1 e rri  < d e s i g ri  e d 
by  En  e r gy  Op  t i on  s , Inc.  ) a t the  t op  o+  the  panels  (Fig.  3 > . Th i s 
r o 1 1 e r =•  >'  s t e rri  a 1 1 C'l'.i  s the  s c r e e ri  to  t'  e raised  and  1 ou.i  e r e d by  o ri  e 
person.  A s p e c i a 1 !>■ -f  abr  i c a t e d flashing  i.'.ias  then  placed  over  the 
r Cl  1 1 e T'  s >'  s.  t e rri  t Ci  pi  r-  ci  t e c t t ti  e e c r e e ri  i n g f r orri  the  oj  e a t h e r-  . 

D i ECUS  E I Cl  ri  o f 3 > e t e rri 

Because  this  is  e.  p a e s i e sol  a r i.’j  all,  there  is  no  rriectianical 
s ;/  s t e iTi  1 ri o 1 e d . The  s e 1 e c t i r'  e surface  s i rri  p 1 >'  a b s o r-  b s heat  from 
the  sun  ■'  s r a s e r'  e n o n cloud  >'  d a >'  s ' ) a ri  d t ti  e b r-  i c k L'i  all  conducts 
this  heat  in  t o the  bu  i 1 d-i  n g . Pr  e 1 i rri  i n ar  >'  rrion  i t or  i n g indicates  this 
transfer  of  heat  requires  about  3 hours.  That  is,  from  the  time 
the  sun  b e g i n s h e a t i ri  g the  12"  t ti  i c k i.-ij  all  until  the  interior  wall 
surface  begins  r-  i s i ri  g i ri  temperature  a ti  o u t 3 hours-  has  elapsed. 

Monitoring  of  tne  svsfem  i.'ias  begun  in  late  Septerriber,  1984. 
T e (Ti  pi  e r-  a t u r e sensors  ti  a e been  placed  in  the  foil  ow  i n g -areas: 

1 . collector  air  space  ti  e 1 1'.'  e e ri  glazing  a n d ui  a 1 1 ; 

2.  1 " . 3"  , 5"  , , and  1 1 " from  outs  i de  surface  of  wal  1 

behind  the  collector; 

3 . 1 " d e e pi  in  outside  s u r-  f a c e of  s-  o u t h I’-.i  a.  11  hi  e r e there 
1 s n o c Cl  1 1 e c t Cl  r ; and 

4.  1/2"  deep  in  interior  surf -ace  of  south  wall  wihere  there 

is  no  collector  on  the  e >;  -t  e r i C'  r w all. 

R e c Cl r d i ri  g ci f t e rri p e r-  a t u r e s ly-.i  a s through  rri  a n u a 1 reading  of  a n 
electronic  1 2 - c h a n ri  e 1 t h e r rri  orri  e t e r . This  method  is  not  entirely 
sat  I s-  f a c t o r-  >'  due  t ci  i n a ti  i 1 i t >'  t Ci  ci  b t a i ri  r e a d i ri  q s bet  uj  e e n a ti  out  6 

P . M . a,  ri  d 3 A . l'i . H o'. 'J  e e r , s-  e e r a.  1 ci  b s e r a t i o n s can  be  rri  a d e f r om  the 

data  i-'-.i  hi  I c hi  hi  a s ti  e e n c ci  1 1 e c t e d . 

H maxirriuiTi  t errip  e r a t u r e of  1 oO  degrees  in  the  airspace  and  175 
degrees  1"  beneath  the  selecti'je  surface  was  recorded  on  Oct.  10, 
1934.  This  day  i.'.i-as  clear  with  a rriaxirrium  -a.mbient  -air  terriperature  of 
74  degrees.  Because  t hi  e sun  angle  at  t hi  i s-  t i rri  e Ci  f the  >'  ear-  i s- 
f a.  i r 1 y 1 oi'j  ( a,  p p r o i rri  a t e 1 35  degrees  ) and  because  the  air 

t e iTi  pi  e r-  a t u r-  e c i a s c om  pi  a r a b 1 e t o a s-  u rrim  e r d a >' , it  is  b e 1 i e e d these 

t errip  e r a t u r e s rri  ay  be  the  rriaximums  obtained  I'jithin  the  col  lector- 
even  during  the  hotter  surrimer  months.  If  this  is  the  case,  there 
appears  to  be  no  cause  f ci  r-  concern  t hi  a t the  cedar  f r aiTi  i n g within 
the  collector  wi  i 1 1 deteriorate  due  to  excessive  terriperatures . 

The  n e >;  t hi  i g h e s t temperatures  recorded  in  the  collector 
occurred  on  Nov.  5,  1 '^'34  ; 147  degrees  in  the  air  space  and  159 
degrees  1"  beneath  the  selective  surface.  This  day  was  also  very 
s u n n v but  the  a. e r a g e d a t i rri e t e rri p e r a t u r e was-  40  degrees-. 
T e (Ti p e r a,  t u r- e readings  f ci r this  da y i'-' ere  taken  a.  t 3:40  AM  , 2:15  PM  , 
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Fig.  3»  Sun  Screen  Roller  ‘iechanl.  sti 
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SOLAR  SCREEN  ROLLER  MECHANISM 


5<.nd  5:0u  PM.  In  order  to  see  the  e-f  + ects  o+  the  we.  1 1 -heet  i ng  on 
this  dey,  enother  reeding  wes  teken  et  8:20  AM  the  -following  day. 
These  -four  r e ad  i n gs-  h ev  e been  plotted  on  e graph  (Fig.  4,'>  . The 

co-ordinate  begin  s w i t h Ou  t s i de  Air,  the  n Ex  ter  i or  Ul  e 11  ( n o 

collector.'.',  then  Collector  Air,  then  successive  depths  through  the 
br  i ck  I'.i.el  1 , and  f i nel  1 y Inter  i or  Uiel  1 (no  col  1 ector)  . The  ^y' 
co-ordinate  is  the  temperature  in  deorees  Fahrenheit.  The  low'est 
curve  (sol  id  line)  is  the  beginning  t errip e r a t u r e s on  Nov.  5.  These 
r e a d i n g s t'j er  e taken  a -f  t e r s e e r a 1 s u c c e s s i e days-  o -f  cool,  cloudy 
weather.  At  this  time,  the  interior  o-f  the  building  was  losing 
heat  through  the  Trombe  wall . Since  the  temperature  (60  degrees) 
oS  the  wiall  where  there  is  no  collector  was  lower  than  the  wall 
temperature  (ob  degrees)  behind  the  col  lector,  it  can  be  deduced 
that  the  collector  wall  area  uias  losing  heat  less  rapidly  than  the 
ri  o n - c C'  1 1 e c t o r i.-'J  s.  1 1 area.  This  is  t C'  be  e x p e c t e d , since  a d d i t i C'  n o-f 
t n e s t u c c C' , s e 1 e c t i e s u r -f  a c e -foil,  and  glazing  r'..i  o u 1 d raise  the 
R - V a 1 u e o-f  the  ' v'  all  a ri  d , t ti u s , reduce  the  heat  loss  through  it. 

The  next  reading  I'.ias  taken  at  2:15  PM.  At  this  time,  the  Trorribe 

iM all  s u r-  -f  a c e ti  a d reached  a t e m pi  e r a t u r e o-f  159  degrees-  and  the  5 " 


depth  area  had  increased  to 
t e rri p e r a t u r e h -a d i ri c r e a s e d to  71 
known  w'hether  this  increase  was 
exterior  Trorribe  rv'-all  or  -from  an 
interior  o-f  the  t' u i 1 d i n g '(due 
PM,  the  sun  had  set  and  the 


99  degrees.  At  the  9"  depth,  the 
degrees  -from  66  degrees.  It  is  not 
due  to  conduction  of  heat  from  the 
i n c r e -a  s e in  t emip  e r a t u r e in  the 
to  day  t h e r rri o s t a t set-up).  By  5:00 
exterior  wiall  teixiperatures  were 
fall  ing  but  the  interior  i-'.i-all  temperatures  at  5",  9",  and  11"  wiere 
still  climbing.  B >-  t ti  i s time,  the  t e rii p e r- a t u r e -at  the  9 " depth  had 

risen  to  74  degrees-  '(2  degrees  wi a. r m e r than  the  interior  air 
temper  a t u r-  e ) a ri  d 'w  as,  t hi  u s . o e f i ri  i t e 1 >'  t'  e i n g effected  b >'  the  wi  a v e 

of  h e a.  t passing  t h r o u g h the  t' r i c k I'j all.  T ti e last  temperature 

m e a s u r e m e n t w a s-  t a k e n t ti e n e >:  t rri o r n i n g at  3:20  AM  . 0 e r n i g h t 

t e rti  pi  e r a t u r e s hi  a.  d d r-  o p'  p e d b e 1 C'I.-m  f r^  e e z i ri  g a ri  d this  w as  reflected  in 

t hi e exterior  i.-'-.i all  n o n - c ci  1 1 e c t o r ar  e a,  t e m p e r a t u r- e of  42  degrees. 
C' Cl  1 1 e c t o r-  air  t e rti pi e r a t u r e i.-\i as  c- 1 degrees,  a ri d -at  depths-  of  3 , 5 , 


. and  11  inches  the  temperatures  were  74,  73,  79,  and  73  degrees, 
r-  e s pi  e c t 1 V e 1 >■■ . These  e i e a,  t e d temperatures  indicate  that  at  no  time 
d u r I ri  g the  night  did  t h i s ix  all  area  lose  hi  e a t and,  in  fact,  t h : 
heat  '.''-as  being  del  ivered  to  the  building  from  about  5:00  PM  until 
at  least  3:20  the  next  morning.  Due  to  the  lack  of  continuous 
temperature  recording,  it  is  ri  o t k n c,'  i n oj  hi  e t h e r-  these  mi  o r n i n g 
t emip  e r a t u r e readings  represent  miaximiumi  t emip  e r a t u r e s reached  and, 
if  not.  whether  the  miaximiumi  r.ias  reached  prior  to  or  after  the 
mie  as  u r emie  n t was  taken  at  3:20  Af'1, 


On  Oct.  25  the  ''leather  i.'sias  cool  and  cloudy  and  had  been  th-at 
'-'-.lay  the  previous  t'.'.'o  da/s.  Collector  air  and  surface  t emip e r a t u r e s- 
at  3:15  AM  were  59  and  65  degrees.  By  12:15  PM  these  temiperatures 
had  risen  to  6 5 a. ri d 70  degrees  i n d i c a t i ri g that  the  t-j all  wi  i 1 1 
collect  heat  e e n ci  ri  c ''  ci  'j  d >'  d -a  y s . A 1 t h o u g hi  this-  heat  mi  a >'  never 
find  it  s w a.  >'  i ri  t o t hi  e ti  u i 1 d i n g , it  does  decrease  the  heat  loss  out 
of  the  b u i 1 d i ri  g . 

Energy  Options,  Inc.  plans  to  continue  mionitoring  of  the 
T r omi  b e I'J  all  t h r o u g h - o u t t ri  e inter  of  ' S 4 - 3 5 . It  is  hoped  that  a 
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c o n t i n u o u =•  r-  e-  c o r d i n 9 t n e r rii  C'rri  e t r c =<.  n b"?  i ri  = t a 1 1 e-  d in  c r d e r to 
better  determine  h e e.  t --f  1 o'''  t hr  ouch  the  well.  Due  to  the 
r e p 1 ec  errie  n t 0+  the  old  boiler  i'ii*:h  h i oh -e  + t 1 c i e n c v boilers  during 


the 

suiTirTier  ot  ''34  i 

t I'.i  1 1 

1 ri  C' t C'  e p 0 E E 

1 b 1 e to 

deter iTii  ne  energy 

S 3 

1 ngs  + r orti  eneroy  u=e 

re  due 

t , C'  n E . f-  t t T:  1 

E t i rri  e , 

it  is  known  thet 

t h e 
the 

Trorribe  Well  i e lAiork 
c 0 n d i t 1 0 n e d e p 3.  c e . 

i Ti  g 3.  H 

a e E 1 g ri  e 0 3,  ri  d 

IE  deli 

1 Ki  e r i n g heat  1 0 
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FINANCIAL  REPORT 


TOTAL  COST  OF  PROJECT 


SOLAR  DOMESTIC  HOT  WATER  S'i'STEM 

FAN  CONNECTORS 

TRCTIBE  WALL 

SUN-SCREEf'l  ROLLER  MECHANISM 

^18,340 .00 
2,715.00 
13,650 .00 
295.00 

TOTmL 

S 35 , 500 .00 

TOTAL  FUNDED  AMOUNT 

TOTAL  AMOUNT  PAID 

^35 ,500.00 
30,000  .00 

TOTAL  REMAINING  FUNDS  TO  BE  DISBURSED 

5,500.00 
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exhibit  a (p.  2) 


storage  capacity  (including  drain-back  tank)  will  be  360  gallons 
(1,3  gallons  per  sq.  ft,  collector)  which  is  within  range  re- 
commended by  Sunmaster  Corporation.  Solar  storage  tanks  will  be 
series  connected  to  two  (2)  existing  natural  gas  water  heaters 
and  plumbed  to  permit  by-passing  and  shutdown  of  either  the  solar 
DHW  system  or  the  existing  water  heaters.  Solar  storage  tank  plumb- 
ing will  be  insulated  with  R-4  Neoprene  pipe  insulation  and  the 
existing  water  heaters  will  be  fitted  with  insulation  jackets  and 
bimetallic  flue  dampers.  A tempering  valve  will  be  provided  to 
control  DHW  delivery  temperature.  All  solar  collector  and  DHW 
loop  plumbing  will  be  joined  with  95-5  tin-silver  solder.  Solar 
storage  tanks  will  be  provided  with  dielectric  unions,  isolation 
valves  boilar  drain  valv^-s  and  pr essura-Cemperature  relief  valves. 
P'jmps  -vill  be  provided  with  fused  switch  boxes  and  armored  cable 
conduit.  Instrumentation  for  the  system  will  include  four  (4) 
General  Instiuments  Thermometers  with  Thermowells  and  one  (1) 
Blue/White  High  Temperature  Polysulfone  Flowmeter  for  the  col- 
lector loop. 

All  equipment  to  be  used  in  the  job  will  be  shipped  to 
Energy  Options,  236  North  Higgins  Avenue,  Missoula,  MT  59801, 

All  work  will  be  completed  within  90  days  of  receipt  of 
the  $6000  advance  for  downpayment  on  materials. 

Bonding  for  the  job  will  be  taken  out  through  First  West 
Insurance  and  Bonding  Company  of  Bozeman,  Montana, 

SunCraft  will  abide  by  the  stipulations  and  conditions 
set  forth  in  Grant  Agreement  # RAE-82-1010  and  the  letter  dated 
10/12/82  to  SunCraft  from  Palmer  E.  Johnson  of  the  Missoula  Senior 
Citizens  Association, 


All  normal  warranties  given  by  Sunmaster  Corporation  and 
by  other  equipment  manufacturers  will  be  extended  to  the  Missoula 
Senior  Citizens  Association  through  SunCraft,  Additionally  SunCraft 
will  provide  a one-year  warranty  on  workmanship  and  installation 
o t e proposed  solar  DHW  system,  SunCraft  will  also  provide  an 
operating  manual  for  the  system  which  includes  manufacturer's  pro- 
cuct  literature  and  warranties,  operation  and  maintenance  instruct- 
ions  and  any  other  drawings,  materials  lists,  -and  instructions 
which  are  applicable.  fX  \ ^ 

SunC r af  t 

ACCEPTANCE  OF  PROPOSAL 


Missoula  Senior  Citizens  Associatic 


DATE 


SIGNATURE 

SIGNATURE 


TO 


ENERGY  OPTIONS  INC. 

Energy  Saving  Alternatives 

240  N.  Higgins 

MISSOULA,  MONTANA  59802 

(406)  721-2733 

Mis=:oula  Senior  Citizens  Center 
705  S.  Klo-crlns  Ave . 

Missoula,  MT  598OI 


^ iJ 


4 


1020 


Sept.  1,  1984 

DATE  JOB  NO. 


JOB  NAME 


JOB  LOCATION 


RAE  82-1010 


TERMS 


DESCRIPTION 


TO : M i seou 1 a Senior  C 1 t 1 z e n = Center 

RE:  Roller  mechanism  to  sun  screen  system 


Total  amount  due  Energy  Options,  Inc.  -for 
addition  of  roller  mechanism:  to  sun- screen 
system  and  installation  ot  -flashing  to 
protect  same  -from  u'eather. 


ORIGINAL 


! PRICE 


AMOUNT 


$2915.00 


GUJ 


1 L) 


ENERGY  OPTIONS  INC. 

Energy  Saving  Alternatives 

240  N.  Higgins 

MISSOULA,  MONTANA  59802 

(406)  721-2733 

Mi.^=;oula  Senior  Gi+^lzens  Center 
705  S.  Hls-orlns  Ave . 

Mlssonla,  MT  59801 
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DATE 


Sept.  1, 


1984 


JOB  NO. 


JOB  NAME 


RAE  82-1010 


JOB  LOCATION 


DESCRIPTION 


PpiCE 


TO:  Missoula  Senior  Citizens  Center 

RE:  Roller  mechanism  to  sun  screen  system 


Total  amount  due  Energy  Options,  Inc.  -for 
addition  o-f  roller  mechanism  to  sun -screen 
system  and  installation  ot  -flashing  to 
protect  same  -from  weather. 


$2915.00 


AMOUNT 


ORIGINAL 


20  copies  of  this  public  document  were  published  at  an  estimated  cost  of  $2.25  per  copy,  for 
a total  cost  of  $45.00,  which  includes  $45.00  for  printing  and  $.00  for  distribution. 


